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Possible water quality degradation of a Western Montana river by 
a kraft pulp and paper mill was investigated by analyzing 
differences in the rates of accumulation of fine particulate 
organic matter (FPOM) between sites upstream and downstream of 
the mill's discharge. The mill has secondary treatment 
facilities and discharges its treated effluent into the Clark 
Fork River near Missoula, Montana. In order to obtain a 
relative, time integrated measure of the FPOM transported past 
upstream and downstream sites and available for deposition, 
sediment traps were embedded in the river's rocky substrate at 
sites selected for their depositional characteristics. Traps 
were harvested four times during the two month long sampling 
period. Samples from sediment traps were analyzed for several 
size fractions of FPOM and for chlorophyll (the latter was used 
to correct for autochthonous production). Significant 
differences were found in the rate of accumulation of the total 
FPOM and the 25um size fraction which dominated the other 
fractions in the total FPOM. However, there were no significant 
differences for the smaller size fractions. The significance to 
the benthic invertebrate community of such differences is 
discussed. The sampling methodology used with recommended 
improvements is adequate for assessing rates of accumulation of 
fine particulate organic matter in the effluent of a pulp and 
paper mill that has secondary treatment facilities. 
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INTRODUCTION 
The Federal Water Pollution Act, amended (August 22, 1984) as 
PL98-396, set as its goals among other things "the protection and 
propagation of fish, shellfish and wildlife" (Bureau of National 
Affairs, 1985). In order to achieve the objectives stipulated in the 
Act, the state of Montana implements policies and enforces regulations 
put in place to accomplish these goals (Bahls, 1979)• 
Water quality is monitored to determine adverse impacts from 
industrial, agricultural, commercial and other uses* A river's water 
quality — physical, chemical or biological, determines the abundance 
of aquatic insects and fish, their community diversity and qualities 
of other uses of the river's water. 
Champion International Corporation operates a kraft pulp and paper 
mill in Frenchtown, near Missoula, Montana. The mill has secondary 
treatment facilities for its effluent which is discharged into the 
Clark Fork River after treatment. Its effluent discharge is regulated 
by color, dissolved oxygen, total suspended solids (TSS), biological 
oxygen demand (BOD) and flow limits set in its Montana Pollutant 
Discharge Elimination System (MPDES) permit. 
This study was conceived as a result of widespread public concern 
about the potential adverse ecological inqpacts of increased effluent 
discharge into the river if the Water Quality Bureau granted Champion 
a permit to increase its discharge, in March 1984, the Water Quality 
Bureau of the Montana Department of Health and Environmental Sciences 
agreed to grant a temporary increase and step up its monitoring 
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activities. Several studies were planned. However, deposition of 
particulate organic matter on the river bed and its possible impacts 
on the benthic biota were not included. 
The National Council for Air and Stream Iiqprovement (NCASI) 
claimed that the particulate organic matter in the effluent is of 
benefit to the stream ecosystem and that the POM does not settle in 
quiescent segments of the river (NCASI, 1978a, 1978b). With the above 
claims in mind, we designed a study to: 1) investigate if there are 
significant differences in the quantity and quality of fine 
particulate organic matter accumulation upstream and downstream of the 
mill during low flow periods; 2) determine if intended sampling 
methodology is adequate for assessing accumulation of fine particulate 
organic matter in the effluent from a pulp mill that has secondary 
treatment facilities; 3) generate some data as baseline for further 
research on deposition of particulate organic matter on the bottom of 
the Clark Fork River. 
The results obtained from studies of the annual energy budget of 
lotic ecosystems have underscored the importance of organic matter in 
streams and rivers (e.g. Odum, 1957; Teal, 1957; Hall, 1972; Nelson 
and Scott, 1962; Tilly, 1968; Fisher and Likens, 1972, 1973). 
Allochthonous organic matter is an essential energy subsidy to stream 
ecosystems (King and Ball, 1967; Ross, 1973; Lush and Hynes, 1973; 
Cummins, 1974; Hynes, 1975; Mulholland, 1981). Minshall (1978), 
however, observed that autotrophic production was a major source of 
organic matter in Deep Creek, Idaho and other streams. Animal 
diversity, productivity, and community stability in autotrophic 
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streams were comparable to those recorded for heterotrophic ones. 
Therefore, rivers and streams are sites of production and 
processing of organic matter (Hynes, 1970). These aquatic systems 
import, produce, process and transport organic matter. Vannote et 
al., (1980), characterized the processing of organic and inorganic 
materials from one reach of a stream to the next downstream reach with 
some releases as processing along a continuum, and Newbold et al., 
(1982) called it spiraling. 
For example, once coarse particulate organic material such as leaf 
litter from terrestrial ecosystems enters the stream, it undergoes 
biological and mechanical degradation (Kaushik and Hynes, 1971; 
Cummins, 1974). The coarse particulate organic matter (CPOM) is 
degraded to fine particulate organic matter and dissolved organic 
matter (DOM) is leached from both CPOM and FPOM (Petersen and Cummins, 
1974). FPOM may be produced from DOM by flocculation (Lush and Hynes, 
1973). 
Changes that occur in physical geomorphic-hydrologic parameters of 
the channel as stream order increases, affect the input, storage, 
biological processing and export of organic matter (Bilby and Likens, 
1979; Vannote et al., 1980). Several investigators have detected a 
trend of decreasing CPOM to FPOM ratio as stream order increases (e.g. 
Naiman and Sedell, 1979a, 1979b; Cummins et al., 1981). An important 
result of this changing ratio is change in the quantity and quality of 
materials in transport which in turn influences the community 
composition of stream invertebrates. Changes in dominant functional 
groups of stream invertebrates have been observed after changes in 
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quality and quantity of available food (Webster et al., 1983). 
The pulp mill's effluent represents a potentially significant 
source of particulate organic matter to the Clark Fork River. 
Additionally, the subsurface seepage from the pulp mill's treatment 
ponds represents a source of dissolved organic matter which may 
undergo flocculation or precipitation that would result in an instream 
increase in particulate organic matter. Hence, investigations of 
significance of this source and it possible adverse ecological effects 
are desirable. 
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DESCRIPTION OF STUDY AREA AND SITES 
The reach of the Clark Fork River studied is in the Lower Clark 
Fork River Basin. The whole basin is drained by the Clark Fork River, 
a Columbia River tributary. Annual precipitation ranges from less 
than 25.4 cm southwest of Flathead Lake to over 203 cm in the higher 
mountains. May and June are the months of maximum precipitation 
(Nunnalee and Botz, 1976). 
The Clark Fork River originates near the city of Butte, Montana, 
and flows into Pend Oreille Lake in northern Idaho. From Missoula, 
the river flows in a northwesterly direction to the Montana-Idaho 
border. The floodplain is underlain by alluvial silt, sand and gravel 
(USEPA, 1974). 
The study area covered a stretch of about 20 kilometers of the 
Clark Fork River west of Missoula, Montana (see Figure 1). The 
Missoula sewage treatment plant which discharges its treated effluent 
into the river is about 10 kilometers upstream of Site 1. The 
enriching effects of this discharge are diluted above the study reach 
by the inflow of the Bitterroot River about 4 kilometers upstream of 
Site 1. The 30-year mean annual discharge of the Clark Fork River in 
3 
the study area is 155 m /s (5500 cfs). During August 1984, the mean 
discharge was 81.62 m3/s (2884 cfs). 
Three of the study sites, Council Grove, Harper Bridge and Erskine 
are used very frequently for recreation. Council Grove and Erskine are 
mainly used as fishing areas, while Harper Bridge, in addition to 
being a fishing access, is frequently used for public access by 
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kayakers, rafters and canoers. Site 4, Scheffer's ranch, is somewhat 
isolated, but it seems cows visited the area, though I did not see any 
at the site during sampling visits. 
Site 1, Council Grove: 
There are no trees within 10 meters radius from the site. A 
fenced field terminates at the cut-bank about two meters above the 
river's surface. Cobbles 8-12 cm average length dominated the bed. 
Some silt-covered cobbles were about 20 cm long. This site had less 
than 5% sand. The cobbles were well-rounded and poorly sorted. This 
site was just upstream of a braided segment of the river. 
Site 2, Harper Bridge: 
This site was a few meters downstream from a riffle area. Bed 
materials ranged from silt to large cobbles. Average cobble length 
was 6 cm, with some as long as 25 cm. Sand was sandwiched in between 
layers of cobbles. Top cobbles were covered with algae and sediment. 
The sand at this site was subangular to well-rounded and tinted 
greyish. There were no trees within a radius of 10 meters of the 
site. 
Site 3, Erskine: 
The poorly-sorted bed materials ranged from-silt to well-rounded 
cobbles of 6 cm average length. The sand was coarse and 10% feldspar. 
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Except for shrubs on the bank there were no trees within 10 meters of 
the site. 
Site 4, Scheffer's Ranch: 
Bed materials ranged from silt to 15 cm-long cobbles. There was a 
greater quantity of silt here than at other sites. The sand was 
greyish. Between the site and the other side of the river channel was 
a sand bar. Vegetation was fairly dense on the bank near the site, 
but no trees were big enough to shade the site from sunlight. 
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MATERIALS AND METHODS 
Sites were selected after initial visual assessment of 
depositional segments of the river were made during float trips that 
covered the study area. Access was a major factor in site selection 
and logistics made it imperative that all sites be on the same side 
(north side) of the river channel. Depths and flow velocities were 
fairly comparable at all sites but no site had exactly the same 
velocities and depths as any other. 
Velocities recorded were not intended to be of the absolute 
values, but as a measure of conqparison of flow at the different sites 
(see Table 1). Water current flow was guaged by using a water current 
meter (Weathermeasure Corporation F583 Water Current Meter? Pygmy 
Type). The meter was positioned at 0.6 of depth from the water 
surface and measurements were taken at various points to get an 
average for the site (Ruhe, 1975). Velocities and depths were 
recorded for each harvest day. 
-9-
Table 1 
Velocity in m/sec. and depth in meters 
at the sampling sites during each harvest. 
Harvest 1 Harvest 2 Harvest 3 Harvest 1 
Site Vel. Depth Vel. Depth Vel. Depth Vel. Depth 
1 (CG) 0.05 0.61 0.05 0.58 0.05 0.56 0.05 0.56 
2 (HB) 0.04 0.63 0.04 0.61 0.04 0.61 0.04 0.58 
3 (ER) 0.05 0.61 0.05 0.61 0.05 0.53 0.05 0.58 
4 (SR) 0.04 0.61 0.04 0.56 0.04 0.61 0.04 0.61 
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Sediment traps were set in place on August 8, 1984* The sediment 
traps used were plastic cottage cheese containers filled with rocks 
collected from the site and scrubbed clean of all sediments. The 
cottage cheese container had a top diameter of 11 .5cm and a volume of 
875ml. Each container was filled with clean rocks of about the same 
size so that volume unoccupied by rocks in all the traps ranged 
between 250-258ml. The traps were embedded in the substratum and the 
traps at any one point were secured in place with rocks (Welton and 
Ladle, 1979). The top of the traps were kept as close to the level of 
bed materials as practicable. Thirty-six traps were placed at each 
site and were distributed into at least two nests in order to take 
into account the variation in flow velocity at the site. The sediment 
traps were intended to give estimates of the relative amounts of 
material that were potentially available to settle at the various 
sites and were not expected to give absolute rates of sedimentation. 
Welton and Ladle (1974) suggested a similar method for estimating 
potential sedimentation. Sources of the organic matter that 
accumulates in such traps include deposition of particulates, 
autotrophic production, secondary production, defecation by aquatic 
insects, etc. The time periods used in the study were selected to 
insure a measurable level of accumulation. 
Six traps were harvested from each site after periods of 8, 16, 32 
and 64 days. The shorter time periods are considered most reflective 
of deposition while the longer time periods are more confounded by 
other processes. The trap nests were approached from downstream to 
minimize disturbance to fine sediments on the river bed. Lids were 
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placed on the traps while still in the river bottom before they were 
pulled out, taking care not to disturb the remaining traps. The traps 
were labeled and stored in a cooler for transportation to the 
laboratory where they were immediately transferred into a refrigerator 
kept at 4°C until processing was completed. 
The contents of each trap were poured into a plastic tub and the 
trap rinsed thoroughly into the tub. Rocks were scrubbed with a brush 
and rinsed to remove attached sediments, algae and benthic insects. 
After the rocks were scrubbed, the sediment in the tub was thoroughly 
mixed and poured into a graduated cylinder and the volume recorded. 
The sediment in the graduated cylinder was then mixed and poured 
through a 150um sieve and the filtrate was returned to the 
trap/container and stored in the dark at 4° C with the lids on. 
A 10ml aliquot was taken from the well-mixed sediment in each 
container and filtered on a 0.3um glass fiber filter (Gelman Type 
A-E, 47mm). The filter with sediment was then placed in a plastic 
petri dish and frozen at -20°C until chlorophyll .a extraction was 
performed, usually within 30 days after harvesting. Scrubbing and 
filtration for chlorophyll extraction were usually conqpleted within 24 
hours, and filtrations for organic matter gravimetric analysis were 
usually done within 48 hours after harvesting. 
For gravimetric analysis of the particulate organic matter content 
of the sediments, sequential filtration was performed. Filter types 
used were 25um ashless paper (Whatman 41), 1 .Sum glass fiber (Whatman 
GF/A), and 0.3um glass fiber (Gelman Type A-E). The glass fiber 
filters (1.6um and 0.3um) were precombusted and weighed before use. 
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The 25um filter was oven dried at 50°c for at least 24 hours and then 
weighed before use. 
A 20ml aliquot was taken from the well-mixed sediment in each 
trap. The aliquot was brought to 70ml with water and the sediment 
mixed again before being filtered on the 25um filter. The filtrate 
was in turn passed throu^i the 1 .6um filter and the collected filtrate 
was again filtered on 0.3um filter. Filters with sediments on them 
were placed in petri dishes and kept frozen until further processing 
occurred. 
Chlorophyll extraction was done by following the procedure 
outlined in Standard Methods (APHA, 1975). Absorbancy at 663nm, 
645nm, 630nm and 750nm were recorded using a Bausch and Lomb 
Spectronic 1001 spectrophotometer. Pheophytin absorbancy was also 
recorded after adding 0.02ml of 1N HGL to the extract in the cuvette 
and waiting 90 seconds before taking readings. The quantity of 
chlorophyll in each trap was determined by using a modified form of 
the formula in Standard Methods (APHA, 1975). Mean values of 
chlorophyll production were used to estimate primary production at 
each site and harvest, primary production was estimated by muliplying 
o 
the chlorophyll accumulation rate (mg/m /day) by the mean ratio of 
organic matter to chlorophyll on artificial substrates collected from 
the Harper Bridge site and a site near Scheffer's Ranch by the Water 
Quality Bureau in October 1983 (Weber, Pers. Comm.). 
Further processing of samples for gravimetric analysis was 
continued by precombusting labeled 30-50ml beakers in a furnace at 
500°C for 1 hour. The beakers were allowed to cool to room 
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temperature and weighed. The filtered residues were placed in the 
beakers and dried at 100°C for 24 hours. The beakers and their 
contents were allowed to cool to room temperature in a dessicator and 
their weights recorded. Precaution was taken to minimize absorption 
of moisture from the atmosphere during weighing on an analytical 
balance. 
The beakers and their contents were then transferred into a muffle 
furnace and combusted for 1 hour at 500°C. The beakers and contents 
were again allowed to cool to room temperature in the dessicator 
before weighing. Volatile organic matter weight was obtained by 
subtracting the beaker and combusted sediment weight from the weight 
of the beaker and dry sediment. The glass fiber filters had been 
precombusted and a necessary correction was made for ashing of the 
25um paper filter. 
Statistical Analysis 
Two-tailed t-tests were performed to investigate differences in 
the rate of particulate organic matter accumulation upstream and 
downstream of the pulp mill for each harvest period. For this 
analylsis the 2 upstream sites were combined as were the 2 downstream 
sites. 
2 
Rates of accumulation in g/m /day for each of the three size 
fractions and for the sum of the three fractions (total organic 
matter) were analyzed. The weight of the total organic matter was 
corrected for autotrophic production before statistical analysis. 
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RESULTS 
Means and standard deviations of accumulated fine particulate 
organic matter(FPOM) weights at both upstream and downstream sites for 
each harvest appear in Figure 2-5. 
The following hypotheses were tested concerning the weights of 
each size fraction and the total organic matter weights* 
2 
Hq: Mean weights of organic matter in g/m /day 
are equal at upstream and downstream sites* 
(i.e. HqS U1=»U2) 
H^s Mean weights of organic matter in g/m^/day 
are not equal at upstream and downstream sites, 
(i.e. Ha: u^u2) 
The t-tests indicate there were no significant differences between 
upstream and downstream sites in the rate of accumulation of the two 
smaller size fractions (Figures 2 and 3). However, the 25 um fraction 
(Figure 4) showed significant differences between upstream and 
downstream sites for harvests 1,2 and 4. The total FPOM weights also 
indicated differences between upstream and downstream sites for 
harvests 1 and 4 (Figure 5). Means of FPOM accumulated were higher 
downstream than upstream in all harvests for both total FPOM and the 
25um size fraction. Summary of t-tests for the three size fractions 
and the total FPOM is presented in Appendix B. 
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Figure 2. Rate of accumulation of FPOM 0.3 um - 1.6 um 
at sites upstream and downstream of pulp mill. Bars 
represent mean ± 1 SD. Upstream and downstream mean 
± 1 SD for harvest 2 are 3.77 + 3.93 and 3.68 + 
3.80 respectively. 
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Figure 3. Rate of accumulation of FPOM 1.6 um - 25 um 
at sites upstream and downstream Of pulp mill. 
Upstream and downstream mean + 1 SD for harvest 3 
are 0.08 ± 0.03 and 0.88 + 2.66 respectively. 
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Figure 4. Rate of accumulation of FPOM 25 um - 150 um 
in sites upstream and downstream of pulp mill. Bars 
represent mean + 1 SD. 
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Figure 5. Rate of accumulation of FPOM upstream and downstream 
of pulp mill. Bars represent mean + 1 SD. 
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Figure 6. Mean of percent organic matter content of each size 
fraction ± 1SD. 
-20-
Size fraction as percent of total organic matter 
The 25 um fraction constituted the greatest percentage of the 
total organic matter in the traps —greater than 97%— at all sites 
and in all harvests except at sites 2 and 3 in harvest 2 (see Appendix 
D)* Values obtained from processing samples of effluent from 
Champion's pond number 12 generally support the results that indicated 
the dominance of the 25 um size fraction* 
Table 2 
Effluent from Champion 
% OM Weights 
25 um 1*6 um 
Sample #1 93*36 5.96 
Sample #2 96*58 3*18 
Since the 25um size fraction dominated the total FPOM, 
conclusions from t-tests were the same for both except in harvest 2 in 
which the 25um fraction was unusually low in sites 2 and 3 (see 
Appendi ces C'and D)• 
Organic content of the size fractions 
The smaller size fractions (0*3um and 1*6um) were generally 
mostly organic matter while the 25um fraction varied from 9 to 90% 
0*3 um 
0*68 
0*24 
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organic (Figure 6 and Appendix E) • 
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DISCUSSION 
The mean discharge during the study was 81.2m*Vsecond (2884 cfs) 
which was about one half the 30-mean annual discharge of 155 m^/sec. 
(5500 cfs) (Waltmeyer and Shield, 1982). Color limits on the effluent 
seepage into the river precluded an appreciable discharge of FPOM into 
the river. During August 1984, the pulp mill discharged at the rate of 
0.03 m^/sec, which was only about 1/2000 of the river flow (WQB, 
1984). Had it not been for the color limit the mill could have 
discharged its effluent at the rate of 0.42 m^/sec, into the river 
( 1/200 dilution ratio is the maximum allowed). Table 3 shows the 
discharge of the Clark Fork River at Harper Bridge and the pulp mill's 
direct discharge. 
Table 3 
Selected 1984 discharge rates of the Clark Fork River at 
Harper Bridge and the direct rate of effluent discharge 
at the Champion International pulp mill. 
Discharge at Champion's effluent Dilution 
1984 Harper Bridge discharge ratio 
July 30 114.09 0.03 1/3830 
August 14 83.46 0.04 1/2121 
September 13 88.52 0.06 1/1575 
October 15 91.61 0.15 1/593 
November 29 89.64 0.18 1/511 
•o 
Discharge in m /sec. 
Adapted from WQB (1984). 
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Continuous seepage from storage and rapid infiltration ponds 
constitute about 0.38 m^/sec, of the mill's wastewater discharge 
(Bahls and Weber, 1985). The DOM in the seepage effluent, under the 
right chemical and physical conditions in the river, could flocculate 
and form FPOM thereby increasing the quantity of FPOM in suspension. 
Hence the amount of FPOM available for deposition would be increased 
(Lush and Hynes, 1973? Dietrich, 1982). 
Aquatic invertebrates have an important role in the functioning of 
stream ecosystems (Lush and Hynes, 1973; Cummins, 1974; Petersen and 
Cummins, 1974; Short and Maslin, 1977; McCullough et al., 1979; 
Cummins et al., 1981). For example, filter feeders can alter the 
composition of FPOM in streams and also reduce the suspended organic 
load. (McCullough et al., 1979). The quantity and quality of FPOM 
available to the benthic invertebrate community determine the dominant 
groups in the community (Ulfstrand, 1967; Kaushik and Hynes, 1971; 
Wallace, 1975; Wallace and Malas, 1976; Wallace et al., 1977). 
Significant alteration of the quantity and quality of FPOM downstream 
of the mill by the mill's effluent would have an impact on benthic 
insect communities. 
A study was conducted in summer 1984 to investigate the effects of 
increased effluent discharge by the pulp mill on the benthic 
communities in the river. The Institute of Paper Chemistry of 
Appleton, Wisconsin, consultant to Champion International, conducted a 
benthic insect survey upstream and downstream of the mill in late 
summer 1984. They concluded that the mill's effluent has an enriching 
effect on the river and causes a slight but detectable shift in the 
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benthic insect community structure (Rades, 1985). 
The study reach in the investigation by the Institute for Paper 
Chemistry included sites near two downstream sites in this study. The 
slight impact detected in the benthic insect study might have occurred 
at least in part due to the higher downstream accumulation of FPOM 
documented in this study. 
The results obtained for the first harvest probably represent the 
best estimate of FPOM deposition as other processes such as 
decomposition of organic materials and autochthonous production 
increased in importance with increase in sampling time. Since 
chlorophyll degredation occurred in the traps, correction for 
autotrophic production would be less adequate for the longer sampling 
times. 
Recommendations for improvement of methodology 
The sample collecting and processing methodology used in this 
study could be inqproved in order to increase the usefulness of the 
data collected. I am making the following recommendations to this 
effect: 
1. More sites should be sampled upstream and downstream and on both 
sides of the river channel in order to obtain data more 
representative of the study area. Additionally, sites downstream of 
the reach of the river that is considered to be the mixing zone of 
the mill's effluent should be sampled. 
2. Sediment traps should be left in place for not more than 8 to 10 
days so as to minimize the decompostion of organic matter in the 
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traps. This period is adequate to allow sufficient accumulation of 
reliably quantifiable organic material as the results of this study 
indicate. 
3. Careful consideration should be given to the level of public use 
of selected sites. For example, if swimmers use an area only a few 
meters upstream of the site, sediments disturbed at that point would 
be transported over the study site. 
4. The filtration process could be improved to prevent the filter 
from clogging and thereby trapping finer particles than it otherwise 
would have retained. This could be accomplished by filtering smaller 
sample volumes from each trap or filtering smaller samples on 
several filters and combining the filter and residues for each size 
fraction and trap. 
The color limits imposed on the mill's discharge prevented 
substantial TSS discharge during the low flow periods of 1984. I am 
however recommending that the Water Quality Bureau investigate 
possible flocculation and formation of FPOM from DOM in the mill's 
seepage effluent. By estimating the quantity of FPOM from DOM 
flucculation the total TSS added to the river from the mill effluent 
can be estimated. 
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CONCLUSION 
In conclusion, I found significant differences in quantity of fine 
particulate organic matter accumulation upstream and downstream of a 
pulp mill in the total FPOM and the 25um size fraction. No 
significant differences were detected in smaller size fractions. By 
incorporating the recommended improvements, the sampling methodology 
should be adequate for assessing accumulation on the river bottom of 
fine particulate organic matter in the effluent of a pulp and paper 
mill that has secondary treatment facilities. 
The dynamics of stream ecosystems make it difficult to attribute 
fine particulate organic matter accumulated in traps to a specific 
source because deposition of FPOM from discharge and from seepage (via 
flocculation) and stimulatiion of autotropic and heterotrophic 
production are all probable sources. Further studies would be 
required to determine the main sources of increased fine particulate 
organic matter accumulation downstream of the pulp mill. 
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APPENDIX A 
Chlorophyll a Production and Estimated Biomass 
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Table la 
2 Chlorophyll in mg/m /day. 
Harvest 1 Harvest 2 Harvest 3 
CG-A 5.979 5.979 1.275 
B 7.945 - 1.195 
C 11.837 2.949 1.787 
D 6.300 4.233 0.853 
E - 2.929 1.867 
F 9.149 - 1.767 
HB-A - 0.983 0.984 
B 9.590 - 0.783 
C 6.820 1.806 1.305 
D 5.696 - 0.643 
E 3.008 0.802 1.225 
F 4.172 1.063 1.335 
ER-A 3.446 3.812 
B 7.504 3.631 1.064 
C 3.090 3.772 0.863 
D 6.781 - 0.813 
E 4.856 - 0.482 
F 8.144 - 0.251 
SR-A 6.222 1.826 0.653 
B 9.917 3.631 0.823 
C 8.908 4.273 1.556 
D 6.980 2.006 1.837 
E 7.584 1.164 0.793 
F 3.532 2.046 0.873 
Harvest 4 
0.346 
0.406 
0.246 
0.261 
0.492 
0.351 
0.582 
0.150 
0.717 
0.326 
0.482 
0.251 
0.306 
0.125 
0.667 
0.853 
0.697 
0.572 
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Table 2a 
Mean chlorophyll a^ production in 
mg/m /day. 
Site 
1 (CG) 
2 (HB) 
3 (ER) 
4 (SR) 
Harvest 1 
8.242 
5.857 
5.637 
7.191 
Harvest 2 
4.023 
1.164 
3.738 
2.491 
Harvest 3 
1.457 
1.041 
0.695 
1.089 
Harvest 4 
0.315 
0.394 
0.444 
0.537 
Table 3a 
Estimated autotrophic biomass in 
mg/m2/day. 
Site 
1 (CG) 
2 (HB) 
3 (ER) 
4 (SR) 
Harvest 1 
544.879 
387.206 
307.386 
392.125 
Harvest 2 
265.960 
76.952 
203.833 
135.834 
Harvest 3 
96.322 
68.820 
37.898 
59.383 
Harvest 4 
20.826 
26.047 
24.211 
29.283 
Autotrophic index used for sites 1 and 2 was from data obtained 
for Harper Bridge and the one used for sites 3 and 4 was for 
Six mile (Weber, Personal communication). 
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Summary of t-tests 
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Summary of t-tests. 
H, o- U1 = u2 
H* Ul 7i U2 
u1— upstream? U2 — downstream. 
Total fine particulate organic matter in g/m /day 
Harvest 1 
Upstream Downstream 
n 12 12 
mean 17.316 20.606 
std. dev. 2.20 2.48 
RSD 0.127 0.120 
Approx. af = 21 
t = -3.437 
The test is significant at 0.4048 
Reject HQ 
Harvest 2 
n 
mean 
std. dev. 
RSD 
Approx. df = 19 
t 
Upstream 
12 
12.770 
4.21 
0.330 
= -0.852 
The test is significant at 0.4048 
alpha = 0.05 Cannot reject Hq at 
Downstream 
12 
14.013 
2.79 
0.199 
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Harvest 3 
Upstream Downstream 
n 11 
mean 14.007 
std. dev. 0.836 
RSD 0.060 
Approx. df = 11 
t - -0.967 
The test is significant at 
11 
14.918 
3.01 
0.202 
0.3542 
Cannot reject Hq at alpha = 0.05 
Harvest 4 
Upstream Downstream 
n 11 12 
mean 7.065 7.498 
std. dev. 0.357 0.259 
RSD 0.050 0.133 
Approx. df = 18 
t = -3.298 
The test is significant at 0.0040 
Reject H^ 
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Summary of t-tests 
H( lo • — U2 
HA: U1 * u2 
ux — upstream; U2 — downstream. 
FPOM 25 um - 150 um in g/m ./day 
Harvest 1 
Upstream 
n 12 
mean 17.396 
std. dev. 2.24 
RSD 0.129 
Approx. df = 21 
t = -3.387 
The test is significant at 0.0028 
Reject H 
Downstream 
12 
20.657 
2.47 
0.119 
Harvest 2 
Upstream 
n 12 
mean 9.148 
std. dev. 0.626 
RSD 0.068 
Approx. df = 12 
t = -2.724 
The test is significant at 0.0185 
Reject H_ 
Downstream 
12 
11.009 
2 . 2 8  
0.207 
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Harvest 3 
Upstream Downstream 
n 
mean 
std. dev. 
RSD 
Approx. df = 19 
t = -0.256 
The test is significant 
11 
13.975 
0.834 
0.071 
11 
14.059 
0.691 
0.049 
at 0.8004 
Cannot reject H0 at alpha = 0.05 
Harvest 4 
Upstream Downstream 
n 11 
mean 6.997 
std. dev. 0.336 
RSD 0.143 
Approx. df = 18 
t = -3.723 
The test is 
Reject HQ 
significant at 0.0016 
12 
7.455 
0.242 
0.032 
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Summary of t-tests 
o * 
A" U1 * u2 
u-^—upstream; U2—downstream 
FPOM 1.6 um - 25 um in g/m /day. 
Harvest 
Upstream Downstream 
n 
mean 
std. dev. 
RSD 
Approx. df 
t 
12 
0.3169 
0.0257 
0.081 
12 
1. 197 
The test is significant at 0.2545 
Cannot reject at alpha = 0.05 
Harvest 2 
12 
0.2834 
0.0936 
0.330 
Upstream Downstream 
n 12 
mean 0.0151 
std. dev. 0.0063 
RSD 0.417 
Approx. df = 12 
t = -1.252 
The test is significant at 0.2344 
Cannot reject at alpha = 0.05 
12 
0.0255 
0.0281 
1.102 
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Harvest 3 
Upstream Downstream 
n 
mean 
std.dev. 
RSD 
Approx. df 
t 
11 
0.0824 
0.034 
0.413 
10 
-0.988 
The test is significant at 0.3467 
Cannot reject at alpha = 0.05 
11 
0.8761 
2.670 
3.047 
Harvest 
Upstream Downstream 
n 
mean 
std. dev. 
RSD 
Approx. df 
t 
19 
0.996 
11 
0.0621 
0.0383 
0.617 
This test is significant at 0.3319 
Cannot reject at alpha = 0.05 
12 
0.0475 
0.0316 
0.665 
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Summary of t-tests 
Ho: U1 = u2 
h
a: ux * u2 
—upstream; u2—downstream 
FPOM 0.3 um - 1,6 um in g/m2/day. 
Harvest 1 
Upstream Downstream 
n 12 
mean 0.0303 
std. dev. 0.0247 
RSD 0.815 
Approx. df = 16 
t = 1.915 
The test is significant at 0.0735 
Cannot reject at alpha = 0.05 
12 
0.0149 
0.0126 
0.8456 
Harvest 2 
n 
mean 
std. dev 
RSD 
Approx 
Upstream 
12 
3.7771 
3.94 
1.043 
df = 21 
t = 0.082 
The test is significant at 0.9356 
Cannot reject at alpha = 0.05 
Downstream 
12 
3.6479 
3.81 
1.045 
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Harvest 3 
Upstream Downstream 
n 11 
mean 0.0457 
std. dev. 0.0306 
Approx df = 14 0.669 
t = 1.873 
The test is significant at 0.0821 
Cannot reject at alpha = 0.05 
11 
0.0264 
0.0151 
0.576 
Harvest 
Upstream 
n 11 
mean 0.0299 
std. dev. 0.0248 
Approx. df = 18 0.829 
t = 0.795 
The test is significant at 0.4372 
Cannot reject at alpha = 0.05 
Downstream 
12 
0.0225 
0.0194 
0.844 
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Fine particulalte Organic Matter Weights 
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Table lc 
25 um 
CG A 17.972 
B 17.820 
C 17.820 
D 19.326 
E 20.162 
F 19.807 
HB A 19.693 
B 13.163 
C 14.669 
D 15.764 
E 17.664 
F 15.350 
ER A 22.838 
B 21.015 
C 25.252 
D 15.720 
E 18.783 
F 19.019 
SR A 20.535 
B 21.290 
C 23.283 
D 20.063 
E 21.069 
F 19.019 
Harvest 1 ^ 
FPOM Weights in g/m . 
1.6 um 
0.3610 
0.2963 
0.2993 
0.3173 
0.3279 
0.3143 
0.3354 
0.2978 
0.3474 
0.3354 
0.2692 
0.3023 
0.2963 
0.2722 
0.2963 
0.3113 
0.3474 
0.3474 
0.2948 
0.2963 
0.2818 
0.2948 
0.3625 
0.0000 
0.3 vim 
0.0255 
0.0752 
0.0105 
0.0090 
0.0090 
0.0752 
0.0481 
0.0210 
0.0150 
0.0135 
0.0541 
0.0165 
0.0090 
0.0015 
0.0270 
0.0150 
0.0270 
0.00*00 
0.0045 
0.0285 
0.0030 
0.0376 
0.0075 
0.0195 
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Table 2c 
25 um 
CG A 8.874 
B 8.601 
C 10.542 
D 9.035 
E 8.653 
F 8.424 
HB A 9.347 
B 8.598 
C 9.722 
D 9.161 
E 8.962 
F 9.862 
ER A 11.550 
B 8.999 
C 9.386 
D 9.314 
E 7.994 
F 10.956 
SR A 14.260 
B 10.932 
C 12.145 
D 15.622 
E 12.004 
F 8.950 
Harvest 2 
FPOM Weight in g/m^/day 
1.6 um 
0.0157 
0.0173 
0.0165 
0.0210 
0.0270 
0.0052 
0.0112 
0.0142 
0.0067 
0.0188 
0.0135 
0.0240 
0.0240 
0.0225 
0.0127 
0.0270 
0.0045 
0.0180 
0.0210' 
0.1128 
0.0165 
0.0157 
0.0157 
0.0165 
0.3 um 
0.0015 
0.0105 
0.0045 
0.0090 
0.0180 
0.0052 
7.7166 
7.5451 
7.5286 
7.5248 
7.5248 
7.4368 
6.8389 
7.5722 
7.3556 
7.3909 
7.3293 
7.2363 
0.0060 
0.0075 
0.0075 
0.0052 
0.0142 
0.0097 
-46-
Table 3c 
25 um 
CG A 13.103 
B 14.037 
C 15.534 
D 13.412 
E 14.033 
F 13.121 
HB A 15.263 
B 14.043 
C 14.372 
D 13.751 
E 13.055 
ER A 14.263 
B 13.587 
C 13.982 
D 14.901 
E 13.316 
F 13.105 
SR A 14.951 
B 14.651 
C 13.103 
D 14.549 
E 14.237 
Harvest 3 ^ 
FPOM Weights in g/m 
1.6 um 
0.0594 
0.0503 
0.0831 
0.0376 
0.0801 
0.1011 
0.0951 
0.0853 
0.1692 
0.0759 
0.0699 
0.0740 
0.0688 
0.0447 
8.9125 
0.1019 
0.0391 
0.1004 
0.0767 
0.0767 
0.0631 
0.0977 
0.3 um 
0.0823 
0.0142 
0.0221 
0.0579 
0.0940 
0.0244 
0.0109 
0.0176 
0.0654 
0.0785 
0.0357 
0.0154 
0.0240 
0.0161 
0.0169 
0.0477 
0.0045 
0.04*40 
0.0312 
0.0421 
0.0094 
0.0394 
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Table 4c 
Harvest 4 
FPOM Weights in g/m /day 
25 um 1.6 um 
CG A 6.791 0.0660 
B 7.024 0.0503 
C 7.393 0.0503 
D 6.745 0.0981 
E 7.602 0.1421 
F 7.386 0.0801 
HB A 7.096 0.0821 
B 6.608 0.0000 
C 6.933 0.0537 
D 6.685 0.0274 
E 6.705 0.0336 
ER A 7.533 0.0302 
B 7.343 0.0430 
C 7.409 0.0376 
D 7.213 0.0712 
E 7.466 0.0163' 
F 7.258 0.0282 
SR A 7.547 0.1336 
B 7.146 0.0204 
C 7.229 0.0357 
D 7.845 0.0569 
E 7.564 0.0355 
F 7.911 0.0609 
0.3 um 
0.004 
0.022 
0.011 
0.026 
0.032 
0.015 
0.049 
0.095 
0.031 
0.021 
0.020 
0.060 
0.013 
0.021 
0.009 
0.033 
0.011 
0.003 
0.018 
0.011 
0.060 
0.015 
0.009 
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Each Size Fraction as Percent of Total Particulate Organic Matter 
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Table Id 
Harvest 1 
Percent of total weight in each size fraction 
25 um 1.6 um 
CG A 97.85 1.97 
B 98.32 1.63 
C 98.25 1.69 
D 98.33 1.62 
E 98.34 1.60 
F 98.40 1.56 
HB A 98.09 1.67 
B 97.63 2.20 
C _ 97.59 2.31 
D 97.83 2.08 
E 98.25 1.50 
F 97.96 1.93 
ER A 98.60 1.36 
B 98.60 1.39 
C 98.83 1.06 
D 98.06 1.85 
E 98.23 1.63 
F 98.21 1.79 
SR A 98.56 1.42 
B 98.50 1.37 
C 98.79 1.19 
D 98.37 1.45 
E 98.27 1.69 
F 99.90 0 
0.3 um 
0.14 
0.05 
0.06 
0.05 
0.06 
0.04 
0.24 
0.17 
0.10 
0.09 
0.25 
0.11 
0.04 
0.01 
0.11 
0.09 
0.14 
0 
0 .02  
0.13 
0.01 
0.03 
0.03 
0.10 
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Table 2d 
Harvest 2 
Percent of total FPOM weight in each size fraction 
25 um 1.6 um 0.3 um 
CG A 99.81 0.18 0.01 
B 99.68 0.20 0.12 
C 99.80 0.16 0.04 
D 99.77 0.13 0.10 
E 99.48 0.31 0.21 
F 99.88 0.06 0.06 
HB A 54.74 0.07 45.19 
B 53.22 0.09 46.70 
C 56.34 0.03 43.62 
D 54.84 0.11 45.06 
E 54.59 0.08 45.33 
F 56.93 0.14 42.93 
ER A 62.76 0.07 37.16 
B 54.18 0.24 45.58 
C 56.02 0.08 43.90 
D 55.67 0.16 44.17 
E 52.16 0.03 47.81 
SR A 60.16 0.10 39.74 
B 99.81 0.15 0.04 
C 99.83 0.10 0.07 
D 99.87 0.10 0.03 
E 99.75 0.13 0.12 
F 99.71 0.18 0.11 
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Table 3d 
Harvest 3 
Percent of total FPOM weight in each size fraction 
25 um 1.6 um 0.3 um 
CG A 98.93 0.45 0.62 
B 99.54 0.36 0.10 
C 99.33 0.53 0.14 
D 99.29 0.28 0.43 
E 98.77 0.56 0.66 
F 99.05 0.76 0.18 
HB A 99.31 0.62 0.07 
B 99.27 0.35 0.38 
C 98.39 1.16 0.45 
D 98.89 0.55 0.57 
E 99.20 0.53 0.27 
ER A 99.38 0.52 0.10 
B 99.32 0.50 0.18 
C 99.57 0.32 0.11 
D 62.55 37.38 0.07 
E 98.89 0.76 0.35 
F 99.67 0.30 0.03 
SR A 99.04 0.67 0.29 
B 99.39 0.40 0.21 
C 99.10 0.58 0.32 
D 99.50 0.43 0.07 
E 99.05 0.68 0.27 
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Table 4d 
Harvest 4 
Percent of total FPOM weight in each size fraction 
25 um 1.6 um 0.3 um 
CG A 98.98 0.96 0.06 
B 98.98 0.71 0.31 
C 98.68 0.66 0.66 
D 98.19 1.43 0.38 
E 97.76 1.83 0.41 
F 98.73 1.07 0.20 
HB A 98.18 1.14 0.68 
B 98.58 0.00 1.42 
C 98.79 0.77 0.44 
D 99.28 0.41 0.31 
E 99.19 0.50 0.31 
ER A 98.80 0.40 0.80 
B 99.23 0.58 0.19 
C 99.21 0.50 0.29 
D 98.90 0.97 0.13 
E 99.41 0.22 0.37 
F 99.45 0.39 0.16 
SR A 98.21 1.74 0.15 
B 99.46 0.29 0.25 
C 99.35 0.49 0.16 
D 98.52 0.72 0.76 
E 99.33 0.47 0.20 
F 99.11 0.76 0.13 
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APPENDIX E 
Percent Organic Content of Each Size Fraction 
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Table le 
Harvest 1 
Percent organic content of each size fraction 
25 um 1.6 um 0,3 um 
CG A 10*.75 34.26 89.47 
B 16.29 30.40 100.00 
C 13.39 26.39 100.00 
D 15.30 27.65 100.00 
E 12.76 58.13 100.00 
F 13.23 31.29 100.oo 
HB A 15.93 57.00 94.11 
B 23.12 41.68 93.33 
C 23.96 36.38 90.91 
D 9.04 52.10 90.00 
E 11.99 38.33 93.75 
F 27.21 50.50 91.67 
ER A 11.46 32.27 100.00 
B 29.91 31.57 100.00 
C 18.32 26.82 94.74 
D 25.74 33.62 100.00 
E 16.04 62.16 94.74 
F 11.20 25.52 00.00 
SR A 11.88 41.85 100.00 
B 11.88 60.90 95.00 
C 13.44 49.34 100.00 
D 16.31 45.16 92.59 
E 95.91 31.33 100.00 
F 11.54 00.00 95.76 
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Table 2e 
Harvest 2 
Percent organic content of each size fraction 
25 um 1.6 um 0.3 um 
CG A 9.60 95.45 66.66 
B 11.94 100.00 100.00 
C 13.91 95.65 100.00 
D 11.40 94.12 92.31 
E 11.40 97.22 96.00 
F 9.66 100.00 87.50 
HB A 12.37 65.22 92.31 
B 14.01 95.00 100.00 
C 11.80 100.00 98.33 
D 13.10 100.00 80.00 
E 12.72 100.00 94.74 
F 12.08 94.12 94.44 
ER A 10.73 94.74 100.00 
B 8.57 100.00 100.00 
C 8.79 100.00 96.15 
D 11.01 97.30 85.71 
E 13.90 85.71 80.00 
F 8.97 96.00 92.86 
SR A 13.55 96.56 88.89 
B 8.96 93.75 90.91 
C 10.07 95.65 90.91 
D 12.97 87.50 87.50 
E 10.09 95.45 95.00 
F 9.54 95.65 92.86 
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Table 3e 
Harvest 3 
Percent organic content of each size fraction 
25 um 1.6 um 0.3 um 
CG A 65.47 98.64 
B 69.99 96.40 92.68 
C 63.37 97.79 
D 59.41 95.24 98.09 
E 57.73 98.16 98.43 
F 60.11 98.18 95.59 
HB A 47.72 98.06 87.88 
B 59.77 97.42 88.68 
C 73.44 98.68 79.45 
D 57.77 97.12 98.58 
E 58.12 95.00 
ER A 73.22 97.62 
B 86.92 97.34 94.12 
C 62.90 94.44 91.49 
D 49.55 38.29 93.75 
E 67.18 
F 53.26 95.41 75.00 
SR A 47.65 98.16 93.60 
B 50.16 95.73 92.22 
C 55.00 93.33 
D 61.81 71.49 78.13 
E 43-. 03 97.74 96.33 
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Table 4e 
Harvest 4 
Percent organic content of each size fraction 
25 um 1.6 um 0.3 um 
CG A 98.60 100.00 
B 87.46 98.53 96.72 
C 69.75 97.79 98.87 
D 65.84 99.05 96.55 
E 46.65 99.47 97.71 
F 64.76 99.07 95.29 
HB A 53.35 99.09 98.50 
B 81.65 00.00 
C 61.4 98.28 97.66 
D 68.63 97.33 96.55 
E 97.81 95.69 
ER A 43.48 97.58 98.78 
B 40.85 98.71 93.59 
C 47.59 97.09 96.61 
D 41.19 98.96 100.00 
E 38.97 94.57 97.40 
F 47.48 97.40 100.00 
SR A 34.18 99.16 79.17 
B 38.26 93.97 94.12 
C 42.87 39.92 95.38 
D 32.10 93.81 98.78 
E 40.23 97.93 94.38 
F 27.69 92.98 
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